ABSTRACT. To clarify the clinicopathological features of canine epulides, 189 epulides were reviewed retrospectively. The incidence of the fibromatous, ossifying, acanthomatous and giant cell epulides were 56.6% (107/189), 23.3% (44/189), 18.0% (34/189) and 2.1% (4/189), respectively. The average ages of dogs with fibromatous, ossifying, acanthomatous and giant cell epulides were 8. 8, 8.4, 7.8 and 8.7 years, respectively. The male/female ratio of dogs with the acanthomatous epulis (0.8) was lower than those of dogs with the fibromatous (1.9), ossifying (1.4) and giant cell epulis (3.0). There were slight breed differences among the types of epulides. The most noticeable result was that 38.2% of the acanthomatous epulis occurred in Shetland sheepdogs. 43.9% of the fibromatous epulis and 52% of the ossifying epulides arose around maxillary premolars, while 58.8% of the acanthomatous epulis arose around the mandibular canines. Dogs with the fibromatous and ossifying epulides had more severe dental plaque deposition than those with the acanthomatous epulides. Few of the fibromatous (6/104) or ossifying epulides (4/44) showed recurrence after excision, while the majority (21/23) of the acanthomatous epulides showed rapid and repeated recurrences after surgical excision. Epulides treated with hemimandibulectomy or bleomycin chemotherapy did not recur. Giant cell epulides showed no recurrence after surgical removal. These results indicate that the acanthomatous epulis differed from other types of epulides in biological and morphological features and poor prognosis.-KEY WORDS: canine, clinicopathology, epulis.
Epulides are tumorlike lesions of periodontal origin, and are most frequent in dogs. The term epulis has been used to describe localized gingival enlargement and encompasses both non-neoplastic reactive and neoplastic lesions [2, 12, 14] . Epulides can be classified into four types on the basis of histologic appearance; fibromatous, ossifying, acanthomatous and giant cell [2, 5, 12] . Although the fibromatous, ossifying and giant cell epulides are thought to be developmental, inflammatory and hyperplastic, the acanthomatous epulis is characterized by invasive infiltration, rapid growth and repeated recurrences despite a lack of cellular atypia [2, 7, 12, 13] . Although the morphologic characteristics of the epulides are well known, there are very few reports of their clinicopathological features [19] .
The present report describes the clinicopathological features of 189 canine oral epulides. The purpose of the this study is to show the biological and pathological differences between the acanthomatous epulis and the other epulides.
MATERIALS AND METHODS
The subjects of this study were all dogs (N=189) with proliferating oral-cavity lesions that were diagnosed as epulides at the Veterinary Pathology Department of Gifu University and Histo-Vet Inc. from January 1994 to December 1996.
The specimens were fixed in 10% neutral buffered formalin and bisected along their longer axis with a scalpel blade. Specimens that were hard to cut or included bone were decalcified after fixation. Tissues were embedded in paraffin, sectioned at 5 µm, and stained with hematoxylin and eosin (HE). All cases were histopathologically grouped into subtypes according to Head's classification of canine epulides [12] : fibromatous, ossifying, acanthomatous and giant cell epulides. Since the diagnostic criteria of epulides may vary among facilities, all cases originally diagnosed were re-evaluated by two senior pathologists.
Clinical data, including age, breed, sex, presence of dental plaque and therapy, were obtained from the patients' charts. Follow-up studies were conducted by mail or telephone to obtain information about recurrence.
RESULTS

Clinicopathological features:
The incidence of the fibromatous, ossifying, acanthomatous and giant cell epulides of 189 dogs was 56.6%, 23.3%, 18.0% and 2.1%, respectively.
The histopathological features of the epulides are shown in Table 1 . The fibromatous epulis showed dense-scant cellular stroma consisting of tightly packed collagen resembling the periodontal ligament (Fig. 1) . Branching strands of epithelial cells extended into deeper portions of the mass from the surface mucosa. A small-moderate number of lymphocytes and plasma cells were infiltrating in the submucosa and around blood vessels. When ulceration was found in the mucosa, varying degrees of neutrophil, lymphocyte and macrophage infiltration were observed in the collagenous tissue. The appearance of the ossifying epulis resembled that of the fibromatous epulis, including dense materials consisting of cementum-like material or osteoid, or both, in the collagenous component (Fig. 2) . The acanthomatous epulis showed cauliflowerlike growth on the surface and infiltrative growth of epithelial cells, forming cell cords or solid clusters which invaded the deep submucosa (Fig. 3) . The solid cluster was formed from proliferating columnar basal cells with a palisade arrangement. The proliferating cells showed no cellular atypia, and mitotic figures were uncommon. In the present study, 7 of 34 acanthomatous epulides were accompanied by the formation of various amounts of dentinlike material or osteoid in the interstitial tissue. The branching cell cords in the fibromatous and ossifying epulides were formed solely from basal cells, while in the acanthomatous epulis the epithelial component consisted both of basal and prickle cells with prominent intercellular bridges. In the giant cell epulis, the lesion consisted of numerous multinucleated giant cells interspersed with lymphocytes, plasma cells and macrophages in the submucosal stroma (Fig. 4) .
The age distribution of each type of epulis is shown in Table 2 . The average age of the acanthomatous epulis (7.8 years) was slightly lower than that of the fibromatous (8.8 years), ossifying (8.4 years) or giant cell epulis (8.7 years). The age range of the acanthomatous epulis (0.5-13 years) was younger than that of fibromatous (2.8-18 years), ossifying (3.4-13 years) or giant cell epulis (6.3-11 years). About 18% (6/34) of dogs with the acanthomatous epulis were aged 1-3 years. The acanthomatous epulis showed a slight bimodal age distribution that peaked at young (1-3 years) and adult (6-12 years) ages, whereas the fibromatous, ossifying and giant cell epulides showed a unimodal peak at the adult age range (6-12 years). The male/female ratio of dogs with the acanthomatous epulis (0.8) was lower than that of the fibromatous (1.9), ossifying (1.4) or giant cell epulis (3.0) ( Table 2 ).
The breed of dogs with epulides is shown in Table 3 . Shetland sheepdogs (20.6%) and mixed breeds (20.1%) were predominant for all the epulides. There was a slight breed difference in the spectrum and incidence among the types of epulides. In the fibromatous epulis, Maltese (27.1%), Shetland sheepdog (19.6%), mixed breed (15.0%) and Shiba (12.1%) were the major breeds, while mixed breed (29.5%) and Shetland sheepdog (11.4%) were predominant for the ossifying epulis, and Shetland sheepdog (38.2%), mixed breed (17.6%) and Shih-tzu (11.8%) for the acanthomatous epulis.
The site of epulides is shown in Table 4 . There was a clear difference in the common site among the epulides. About 55% (59/107) of the fibromatous epulides arose from gingiva around the maxillary (43.9%) and mandibular (11.2%) premolars. The ossifying and giant cell epulides also showed the same favored sites. About 52% (23/44) of the ossifying epulides derived from gingiva around maxillary and mandibular premolars. Three of the four giant cell epulides were found on the gingiva around the maxillary premolars. In contrast, approximately 71% (24/34) of the acanthomatous epulides arose from the gingiva around the maxillary and mandibular canines. The most favored site of the acanthomatous epulis was the mandibular canines (58.8%).
To examine the influence of dental plaque on the occurrence of epulides, the severity of the deposition was determined in all dogs with epulides. The frequency of dental plaque is shown in Table 5 . Dogs with the fibromatous or ossifying epulis showed more severe dental plaque deposition than those with the acanthomatous epulis. Of the dogs with the fibromatous epulis, 52.3% (56/107) had severe deposition, and 32.7% (35/107) were moderate. 47.7% (21/44) of dogs with the ossifying epulis had severe deposition, and 31.8% (14/44) had moderate. On the other hand, dogs with the acanthomatous epulis showed milder deposition and lower incidence than those with the fibromatous and ossifying epulides; the incidence of severe and moderate plaque was 17.6% (6/34) and 23.5% (8/34), respectively. Prognosis: Recurrence of epulides after treatment was examined by interviews with clinicians. Ninety-seven % (104/107) of the fibromatous epulis cases underwent simple marginal excision, and one case received a hemimandibulectomy. Six of the 104 dogs treated with marginal excision showed slow-growing recurrence of the lesion. The average number of days between surgical removal and recurrence was 204. All dogs with the ossifying epulis were treated with simple surgical removal, and about 90% (40/44) of them showed no recurrence even a year later, while four dogs showed recurrence after an average of 114 days. The giant cell epulis showed no recurrence after 12 months or more following removal. In contrast to the other epulides, the acanthomatous epulis recurred more frequently and rapidly. Sixty-eight percent (23/34) of the acanthomatous epulis received simple marginal removal, and 91% (21/23) of them recurred within an average of 32 days. Dogs with the acanthomatous epulis that had undergone hemimandibulectomy or chemotherapy with bleomycin showed no recurrence of epulides for 12 months or more.
DISCUSSION
The histopathological patterns of the canine epulides in the present study were similar to those previously reported in the United States [6, 12] : fibromatous, ossifying, acanthomatous and giant cell epulides. There was a clear morphological difference between the acanthomatous epulis and the other three types of epulides, in addition to differences in their biology and natural history [5, 12] . Unlike the fibromatous, ossifying and giant cell epulides, the acanthomatous epulis showed characteristic infiltrative growth of the epithelial cell component in spite of minimal cellular atypia and few mitotic figures. Cords or solid clusters of cells invaded the deep submucosa. In addition, the branching cell cords in the fibromatous and ossifying epulides were formed mainly by basal cells, while the cell cords and clusters of the acanthomatous epulides consisted of both basal cells and prickle cells with prominent intercellular bridges. The ossifying epulis closely resembled the fibromatous epulis in morphological and biological aspects, except for the presence of cementum/dentinlike materials or osteoid in the fibrous tissue. The epithelial islands were usually observed adjacent to ossifying hard tissue which was thought to be induced mesenchymal tissue between the epithelium and periodontal ligaments [4] . Some acanthomatous epulides (7/34) also formed various amounts of hard material that had been considered osteoid or metaplastic bone in the interstitial tissue [2, 3] . The giant cell epulis is a rare tumor that is composed of numerous multinucleated giant cells in the fibrous tissue of the gum [11] . All of the giant cell epulides observed in this study were accompanied by marked chronic granulomatous inflammation, suggesting multinucleated giant cells were formed by the fusion of macrophages in granulomatous inflammation [15] . As shown in Tables 1 and 2 , there was a slight difference in the clinicopathological patterns among epulides. The age distribution of the acanthomatous epulis, which showed a shift to the younger dogs and showed a bimodal age distribution consisting of peaks in the young (1-3 years) and adult (6-12 years) age groups, differed from that of the fibromatous and ossifying epulides, which had a tendency to increase with age and showed a mild unimodal peak in adults (6-12 years). Furthermore, the sex ratio of the acanthomatous epulis was lower than that of the other epulides. In addition, there were slight breed differences in the frequency among epulides; Maltese (27.1%), Shetland sheepdog (19.6%), mixed breed (14.9%) and Shiba (12.1%) were major breeds for the fibromatous epulis, mixed breed (29.7%) and Shetland sheepdog (10.8%) for the ossifying epulis, and Shetland sheepdog (38.2%), mixed breed (17.6%) and Shih-tzu (11.8%) for the acanthomatous epulis. The breed distribution of the fibromatous epulis reflected well the recent proportion of breeds owned in Japan. In Japan, small-sized breeds have been popular in the latest decade. The five major breeds, not including mixed breeds, are the Maltase, Shetland sheepdog, Yorkshire terrier, Pomeranian and Shih-tzu, in decreasing order [20] . Among the dog breeds popular in Japan, Shetland sheepdogs showed the highest frequency of acanthomatous epulis, suggesting this breed has a predilection for the acanthomatous epulis. Although the frequency of the acanthomatous epulis is unknown because of previous confusion over terminology, the proportional frequency of occurrence among epulides might be high. This high frequency of the acanthomatous epulis might be due to the large population of the Shetland sheepdog, which was one of the breeds in which the acanthomatous epulis was most commonly found. Epulides were reported most often in brachycephalic dogs, such as boxers or Boston terriers [8, 9] . Canine oral lesions similar to epulis, named "familial gingival hypertrophy," were reported in related boxer breeds [4] . With respect to site, there was a clear difference among the types of epulides. The most favored site of the fibromatous and ossifying epulides was gingiva around the maxillary and mandibular premolars, while most of the acanthomatous epulides arose from the gingiva around the maxillary and mandibular canines. Other previous reports concluded that the acanthomatous epulis was observed most frequently on the mandible without any association with teeth [5] .
In this study, the fibromatous and ossifying epulides occurred in close association with chronic gingivitis due to dental plaque deposition, the most common site of which is around the premolars and molars [10] . It is suggestive that the fibromatous and ossifying epulides develop in association with chronic inflammation, which acts as a chronic irritation [16] . In contrast to these epulides, in cases of the acanthomatous epulis a milder dental plaque deposition with a lower incidence was observed, suggesting no association with chronic inflammation due to dental plaque as a cause.
The acanthomatous epulis showed extremely high and rapid recurrence and had a poor prognosis compared to the others as reported previously [11] . Hemimandibulectomy and bleomycin chemotherapy were thought to be effective for the acanthomatous epulis, and might be preferable to irradiation as a choice of therapy, since radiation therapy on these epulides is often associated with progression to malignant neoplasms such as squamous cell carcinoma [17, 18] .
In conclusion, the acanthomatous epulis was very different from other epulides in clinicopathological as well as morphological and biological aspects. The origin and the terminology of the acanthomatous epulis have been debated since it was first described by Dubielzig et al. [5] . Bostock and White have suggested that the acanthomatous epulis be considered basal cell carcinoma because of the close resemblance of its neoplastic epithelium to cells of the stratum germinativum [3] . Baker and Van Dreumel [1] suggested that the acanthomatous epulis is a form of squamous cell carcinoma, based on the fact that some acanthomatous epulides change into squamous cell carcinoma when they invade bone. Gardner and Baker [7] suggested that the acanthomatous epulis is a kind of ameloblastoma arising from the gingival epithelium, and they recommended the term "canine acanthomatous ameloblastoma". Although the cellular origin of the acanthomatous epulis is unclear, it should be included in malignant neoplasia, which can be easily misunderstood as a benign oral lesion.
